In this presentation the new physics implications of the B-meson decay anomalies, observed at LHCb, are discussed. In the first part of the talk a brief overview of the experimental status is presented. In the second part, a class of semi-local F-theory GUT models with additional neutral gauge bosons are proposed which are capable of accounting for the anomalous B-decay ratios
Introduction
In the Standard Model of strong and electroweak interactions (SM) the couplings of the neutral gauge boson Z to lepton fields are flavour independent. The Z-boson couples in the same way to all three families of lepton fields since fermions ( f ) with the same charge Q f = T 3 + Y have a universal coupling g Z f f = g cos θ W T 3 − g ′ sin θ W Y . As a result, the tree-level interactions conserve lepton flavour. This property of the SM gauge interactions is usually called Lepton Flavour Universality. The diagrams of two representative decays are shown in figure 1. In the left hand side, the diagram for the process e + e − → Z → µ + µ − is shown where the Z-couplings to leptons are flavour diagonal. In the right hand side, the tree-level diagram for the decays τ → µ +ν µ + ν τ and τ → e +ν e + ν τ are drawn. Precision measurements show that the decay rates are equal which imply equality of the corresponding weak coupling strengths. Representative interactions involving leptons. In the decay e + e − → Z → µ + µ − the Z couplings are flavour diagonal in SM. In the second graph, the decay rates to the two lepton pairs µν µ and eν e are the same. Experimentally it is found Γ(τ − → µ − +ν µ + ν τ ) = Γ(τ − → e − +ν e + ν τ ).
performed during the past decades, precision tests regarding the decays of the K mesons such as K → ℓν ℓ where ℓ = e, µ, are consistent with lepton universality. However, recent experimental data from LHCb regarding semileptonic decays of the B-mesons [1, 2, 3] , seem to be inconsistent with lepton universality. In the present talk we will focus on some of these processes, and in particular, those flavour changing decays involving quark fields such as b → sℓ + ℓ − where ℓ stand for e, µ, τ leptons. Suitable candidates for such decays are the B mesons composed of a quark-antiquark pair such as B + =bu and B 0 =bd with decay modes
where K + =su and the spin-1 K * 0 is an excited state which subsequently decays to an ordinary ground-state Kaon and a pion, K * 0 → K + π − . Once we have analysed the present experimental data, we will propose solutions to this problem in the framework of some theoretical models inspired from F-theory.
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Experimental Evidence
We start with a few facts regarding the theoretical results obtained in the context of the Standard Model (SM), and the recent experimental evidence which is in tension with these SM predictions.
As is well known, experimentally we observe a suppression of the neutral currents compared to the charged ones involving lepton fields. For example, the branching ratios of the following two semilectonic decays of the B mesons are (for related reviews see for example [4, 5, 6] )
where D 0 = cū and K * = Kπ. The first decay proceeds with a charged intermediate gauge boson at a much larger rate compared to the second one which is mediated by neutral bosons. Focusing on the second case, we note that this is a flavour changing decay in the quark sector, b → sℓ + ℓ − (where ℓ stand for e, µ, τ leptons). In the Standard Model these flavour changing decays of the hadronic sector (b → s) proceed through one-loop graphs and are suppressed by the CKM matrix elements (see figure 2 ). Regarding the vertex Z ℓ + ℓ − , because of the universal nature of the gauge couplings to leptons in the SM, both partners of the lepton pair ℓ + ℓ − in a given reaction are always members of the same fermion family. Moreover, the SM predictions for the branching ratios are the same for all pairs e + e − , µ + µ − and τ + τ − . Hence, the SM prediction for all lepton pairs for the ratio of their branching ratios is expected to be equal to unity
up to insignificant corrections. The experimental determination of the ratio R X is preferable because all theoretical uncertainties stemming from the hadronic part in the branching ratios cancel out in the ratios. Such decays, however, are very sensitive to contributions from interactions violating lepton flavour universality. In many extensions of the Standard Model new particles are predicted (such as neutral gauge bosons and leptoquarks) which can enhance or reduce the decay rates and modify the angular distribution of the products of the above processes. The decay (1.2), in particular, involves four particles in the final state and allows for a precise angular reconstruction in several observables. In the muon channel for example, the experiment can measure the polarization of K * and the dimuon pair, as well as the invariant mass square q 2 , the angle (µ, K), etc.
Interestingly, recent reports [2] from the LHC experiments on the branching ratios of Bdecays to strange hadrons and lepton pairs have displayed deviations form lepton universality. The ratio of the branching ratios B → K + ℓl for ℓ = µ or e, measured in the LHCb experiment is
where "(stat)" , "(syst)" indicate statistical and systematic uncertainties respectively. This measurement is 2.6 standard deviations below the SM prediction. The decay rate of this reaction is integrated over the range of the squared dilpeton invariant mass q 2 and the region is taken to be 1GeV 2 < q 2 < 6 GeV 2 , which is away from the resonance region B + → J/ψ(ℓ + ℓ − )K + , in order to have a clear experimental signature to compare with the theoretical predictions.
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Similarly, the experimental result on the ratio of branching ratios B → K * ℓl is given by However, as already noted, according to the universality of gauge interactions in the leptonic sector, the SM theoretical predictions are
. Thus, the measurments of both ratios indicate a deficit in the same direction. Experimentally, in LHCb there are differences regarding the treatment of the decays to a µ + µ − or e + e − final state since these pairs behave differently in their flight through the material of the detector. This is because electrons, being lighter than muons, emit much bremsstralung and as a result there is significant reduction of the momentum, thus the efficiency in the muon channel is much better that in the electron's. This defficiency, however, is improved by a recovery procedure based on the evaluation of the difference between the p T of the K * 0 meson and that of the e + e − pair, where both are calculated with respect to the direction of the flight of the B 0 meson (see fig.4 ). The topology of B → K * e + e − decay and Bremsstralung effect recovery in accordance to [2] Eventually, assuming that this experimental evidence remains valid in future analysis, these defficits in the muon channel are unexplained in the Standard Model framework and new physics interactions are required, in order to discriminate the electron from muon ratios in the semileptonic
B meson decays. Indeed, it is commonly believed that the Standard Model is not the final theory of fundamental interactions, but just an effective low energy limit of some grand unified theory (GUT), possibly embedded in a string scenario. In general, any GUT which includes the SM gauge group predicts new physics phenomena and deviations from the SM predictions. Some common characteristics of a wide class of models derived in such a framework are exotic colour tiplets and singlet fields, new gauge bosons Z ′ associated with additional abelian symmetries etc 1 
The most popular scenarios to interpret the aforementioned deviations include either exotic leptoquarks, or additional neutral gauge bosons which couple differently to the three fermion families. Given the fact that the composition of mesons in B → K decays is B = ub and K = us, at the fundamental level these results are associated with the b → sµ + µ − transition. The tree-level graphs for such processes are shown in figure 5 . 
The effective Hamiltonian description
The contributions from SM physics as well as from any theory beyond the SM, can be described by an effective theory where the heavy degrees of freedom have been integrated out. The relevant Hamiltonian is parametrised in terms of the Wilson coefficients C k , which display the strength of the interaction, and a number of quantum operators O k which encode the Lorentz structure [4] :
In the above formula the following quantities are involved: 
where P L = 1 2 (1 − γ 5 ) and P R = 1 2 (1 + γ 5 ). There are several theoretical uncertainties in the computation, the most important come from the form factors and the contributions of the hadronic weak Hamiltonian which emerges from the assumed factorisation of the amplitude into a hadronic and a leptonic part. These are discussed for example in [4] . Focusing in B + → K + µ + µ − in the limit of vanishing lepton mass, the decay rate can be written as
The quantities in (3.4) are [4] :
is a QCD factor, h K non-factorisable contributions of H e f f , while C 7 ,C ′ 7 contributions are ignored. As can be seen, there are several operators with different Lorentz structure that could be present in the effective Hamiltonian, but only a few of them are related to the present LHCb data. The correlations of R K /R K * deviations and the corresponding chiral operators generated by New Physics in the µ sector are plotted in ref [9] and are roughly depicted here in figure 6 . The LHCb data can be interpreted assuming a negative contribution to the Wilson coefficient C 9 , with best fit value C NP 9 ≈ −1.1. The case of C NP 9 = −C NP 10 ≈ −0, 5, which is an SU (2) L invariant solution is also possible. Both solutions ar compatible with negligible values of the Wilson coefficients C ′ 9 ,C ′ 10 . Let's discuss the case where the data are fit with the first solution. It is, in principle, possible that the required operator is generated from a tree-level process mediated by a TeV scale Z ′ boson that couples to the b, s quarks and the leptons. This neutral gauge boson can be associated with a new U (1) ′ gauge symmetry spontaneously broken at the TeV scale. Z ′ couples to a neutral current
λ where the couplings to the third quark generation differ from those to the first and second ones. To give an estimate, we use the toy model presented in ref [10] , where the current is assumed to be of the form:
Then, the new physics contribution to the Wilson coefficient C 9 is [10] analysis of models admitting such U (1) symmetries [11] ), we can obtain C NP 9 ∼ −1 which reduces the total value of C 9 by ∼ 25% in accordance with the experimental observations. Notice however, that any theory beyond the SM interpreting the above anomalies must also respect other constraints too, and in particular, with the stringent bounds [12] of Kaon decays such as B(K + → π + νν) ≈ 17 ± 10 × 10 −11 and B(K L → π 0 νν) < 2.6 × 10 −8 .
Non-universal U (1)s in local F-theory models
A natural way to implement the idea of a new gauge boson Z ′ is within an F-theory framework [13, 14] 2 . The so derived model(s) can explain the date either through the existence of a new light neutral boson coupled differently to families [18] , and/or in the presence of a vectorlike family [19, 18] . The interpretation of the data with leptoquarks is also a viable possibility, since plenty of such states appear in a wide class of F-theory models. In this talk, we will focus only on the first case and present a semi-local F-theory SU (5) GUT augmented with a U (1) ′ factor coupled non-universally to leptons, arising from a variant of E 6 models with Z 2 monodromy [20] . We start with the following symmetry breaking,
Imposing a Z 2 monodromy, the symmetry of the model reduces to SU (5) GUT ×U (1) 3 and at the same time a top Yukawa coupling is allowed at tree-level [14] . We choose the following basis for the Cartan generators corresponding to the three remaining abelian factors:
Next, since we would like to explain the experimental results invoking the existence of a TeV scale neural gauge boson Z ′ , we assume that a low energy U (1) ′ is generated by a linear combination of the unbroken U (1)'s:
Furthermore, in order to retain SU (5) ⊥ normalisation, the coefficients c i are subject to the condition c (5) GUT divisor and the 7-branes associated with the abelian factors. There are initially ten matter curves available to accommodate the fiveplets and five matter curves for the tenplets but after the Z 2 monodromy action they reduce to seven and four respectively [21, 22] . We designate the corresponding numbers of the SU (5) multiplets on the matter curves with M 5 i , M 10 j respectively. Furthermore, we may turn on flux along the hypercharge generator U (1) Y which breaks SU (5) down to SM and at the same time splits the 10, 10 and 5,5's into different numbers of Standard Model multiplets. Parametrising the hyperfluxes with the integers N 7, 8, 9 and assuming a linear combination of them, N y , to be the hyperflux piercing a given matter curve, the 10-plets and 5-plets split according to the following pattern 
2Q + 3u c + e c 1 4 The integers M 10 j , M 5 i representing the multiplicities and the coefficients c k defining the linear combination (4.3) are subject to anomaly cancellation conditions [18] (see also related work for B-decays [23] ) and the constraint (4.4) respectively. There are numerous solutions [18] to these constraints. Three examples are given in Table 1 where the flux data and solutions for the coefficients c i are presented. The spectrum of these three models is determined by the integers M i , N j which are computed in consistency with the anomaly cancellation conditions and can be seen in Table 2 . We also mention the existence of several singlet fields in the spectrum which may acquire non-zero vevs and, amongst other things, they play a crucial rôle in the anomaly cancellation conditions and the Yukawa couplings of the effective theory [18] .
From Table 2 we see that model C has 3 chiral families and a vectorlike one. A model consistent with all the experimental constraints requires a careful distribution of the chiral particle content on the various matter curves. Thus, in view of the stringent experimental constraints from the K 0 −K 0 oscillations, the three families are accommodated so that their left-handed quark doublets have equal charges, Q ′ = 1 4 , with respect to U (1) ′ . Also, the three down quarks and lepton doublets are distributed in 'curves' of fiveplets with the same charge Q ′ = − 1 4 , in Table 2 . We may accommodate the vectorlike pair of lepton doublets on the curves 5 5, 6 which have non-universal U (1) ′ charges and can mix differently with the lepton doublets L 1,2 , inducing non-universal couplings in the physical left-handed electrons and muons. This can account for the observed ratios R K and R K * in B decays and it is discussed in detail in [19] and [18] .
In conclusion, we have presented a class of models with SU (5) ×U (1) ′ gauge symmetry embedded in E 8 ⊃ SU (5) × U (1) 4 ⊥ . The abelian factor U (1) ′ is a linear combination of the three remaining U (1) ⊥ factors, after a monodromy is implemented and the corresponding gauge boson Z ′ displays non-universal gauge couplings to fermion families. From class C of Table 2 , a phenomenologically promising model emerges with universal couplings to the three chiral fermion generations and only one single vectorlike family having non-universal couplings. Their couplings modify the branching ratios of the B-decays in accordance with the recently observed µ + µ − deficit.
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